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Advanced Synchronous
Rectifier Controller for LLC
Resonant Converter

NCP4318

NCP4318 is an advanced synchronous rectification (SR) controller
for LLC resonant converter with minimum external components. It
has two gate drivers for driving the SR MOSFETs rectifying the
outputs of the secondary transformer windings. The two gate drivers
have their own drain and source sensing pins and operate
independently of each other. The advanced adaptive dead time control
compensates the voltage across parasitic inductance to minimize the
body diode conduction and maximize the system efficiency. The
advanced turn—off control algorithm allows stable SR operation over
entire load range. NCP4318 has two versions of pin assignment —
NCP4318A, NCP4318B, and two types of package — SOIC-8 and
SOIC-8 EP.

Features

® Mixed Mode SR Turn—off Control

¢ Anti Shoot-through Control for Reliable SR Operation

® 200 V-rated Drain Sensing and Dedicated Source Sensing Pins
® Advanced Adaptive Dead Time Control

¢ SR Current Inversion Detection

¢ Adaptive Minimum Turn—on Time for Noise Immunity

¢ SR Conduction Time Increase Rate Limitation

® Multi-level Turn—off Threshold Voltage

® Adaptive Gate Voltage (10 'V, 6 V)
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SOIC-8, 150 mils
CASE 751BD

1

SOIC-8 EP
CASE 751AC

MARKING DIAGRAM

NCP4318
uvwx

O AWLYYWW

U =PinLayout, Aand B

V = Frequency, H: High, L: Low
WX = Additional IPT Option

A = Assembly Location

WL = Wafer Lot Traceability
YYWW = Date Code

PIN CONNECTIONS

® Low Operating Current (100 uA) in Green Mode

Soft Start with 0 V /6 V Gate Output Voltage

Short Turn-on and Turn—off Delay Time (30 ns / 30 ns)
High Gate Sourcing and Sinking Current (1.5 A /4.5 A)
Wide Operating Supply Voltage Range from 6.5 Vto 35V
Wide Operating Frequency Range (22 kHz to 500 kHz)

® SOIC-8 and SOIC-8 EP Packages
® These Devices are Pb—Free and are RoHS Compliant

Applications

® High Power Density Adapters

® Large Screen LED-TV and OLED-TV Power Supplies
® High Efficiency Desktop and Server Power Supplies

® Networking and Telecom Power Supplies

® High Power LED Lighting

© Semiconductor Components Industries, LLC, 2020 1
May, 2024 - Rev. 10

NCP4318AXX
[oatet GATE2[]
[eno vop[]
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[Jvo1 vs2[]

NCP4318BXX
[atet GATE2[]
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[vo1 vpz[]
[vst vsz[]

(Top View)

ORDERING INFORMATION

See detailed ordering, marking and shipping information on
page 3 of this data sheet.
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Figure 1. Typical Application Schematic of NCP4318
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Figure 2. Internal Block Diagram of NCP4318
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PIN DESCRIPTION

NCP4318

Pin Number
NCP4318A NCP4318B Name Description
1 1 GATE1 Gate drive output for SR MOSFET1
2 2 GND Ground
3 4 VS1 Synchronous rectifier source sense input for SR1
4 3 VD1 Synchronous rectifier drain sense input. loppseT1 current source flows out of the VD1
pin such that an external series resistor can be used to adjust the synchronous
rectifier turn—off threshold. The lopesgT1 current source is turned off when Vpp is
under-voltage or when switching is disabled in green mode
5 5 VS2 Synchronous rectifier source sense input for SR2
6 6 vD2 Synchronous rectifier drain sense input. loppseTe current source flows out of the VD2
pin such that an external series resistor can be used to adjust the synchronous
rectifier turn—off threshold. The lopesgT2 current source is turned off when Vpp is
under-voltage or when switching is disabled in green mode
7 7 VDD Supply Voltage
8 8 GATE2 Gate drive output for SR MOSFET2
Exposed padt EP EP is floating from electrical connection to the chip. We recommend connecting it to
GND or keeping it floating.

tExposed pad applies to parts with SOIC-8 EP package. SOIC-8 package options do not have this pin.

ORDERING INFORMATION

Ordering Code Device Marking Package Shipping’

NCP4318AHDDR2G NCP4318AHD SOIC-8 2500 / Tape & Reel
(Pb-Free)

NCP4318AHJDR2G NCP4318AHJ

NCP4318ALCDR2G NCP4318ALC

NCP4318ALKDR2G NCP4318ALK

NCP4318ALLDR2G NCP4318ALL

NCP4318ALSDR2G NCP4318ALS

NCP4318BLCDR2G NCP4318BLC

NCP4318ALFPDR2G NCP4318ALFP SOIC-8 EP
(Pb-Free)

NCP4318ALGPDR2G NCP4318ALGP

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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NCP4318

MAXIMUM RATINGS

Symbol Rating Value Unit
Vpp Power Supply Input Pin Voltage -0.31t0 37 \%
Vb1, Vpz | Drain Sense Input Pin Voltage -4 to 200 \%
VGATE1, Gate Drive Output Pin Voltage -0.3t0 17 \%
VGATE2
Vg1, Vs2 | Source Sense Input Pin Voltage -0.3t05.5
Vsi_pyn, | Source Sense Input Pin Dynamic Voltage (Pulse Width = 200 ns) -4t05.5
Vs2-DYN
Pp Power Dissipation (Ta = 25°C) w
SOIC-8 0.625
SOIC-8 EP (Note 3) 3.7
Ty Maximum Junction Temperature -401to0 150 °C
Tstg Storage Temperature Range -60 to 150 °C
T Lead Temperature (Soldering, 10 Seconds) 260 °C
ESD Electrostatic Discharge Capability | Human Body Model, 3 kV
ANSI / ESDA / JEDEC JS-001-2012
(except VD1, VD2 pin)
Human Body Model, 2
VD1-GND, VD2-GND pin to pin with 330-pF (Note 2)
capacitance on VD1 and VD2 pin
Charged Device Model, JESD22-C101 1

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.
1. All voltage values are with respect to the GND pin.

2. The capacitance can be replaced by Cogs of MOSFET.

3. Same test condition as in Note 5.

THERMAL CHARACTERISTICS

Symbol Rating Value Unit
ReJa Thermal Resistance, Junction-to—Ambient. °C/W
SOIC-8 (Note 4) 165
SOIC-8 EP (Note 5) 27
Ryt Thermal Characterization Parameter between Junction and the Center of the Top of the Package. °C/W
SOIC-8 (Note 4) 22
SOIC-8 EP (Note 5) 3

4. JEDEC standard: JESD51-2 (still air natural convection) and JESD51-3 (1s0p).

5. JEDEC standard: JESD51-2 (still air natural convection) and JESD51-7 (2s2p) with four 0.2-mm-in-diameter Cu—plated thermal vias under
the exposed pad. The vias connect to all buried planes and a bottom-side trace of the test board.

RECOMMENDED OPERATING CONDITIONS

Symbol Rating Min Max Unit
Vpp VDD Pin Supply Voltage to GND (Note 6) 0 35 \Y,
Vp1, Vp2 | Drain Sense Input Pin Voltage -0.7 180 \Y
Vs1, Vg2 | Source Sense Input Pin Voltage -0.3 5 \%
Ty Operating Junction Temperature -40 +125 °C

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond

the Recommended Operating Ranges limits may affect device reliability.

6. Allowable operating supply voltage Vpp can be limited by the power dissipation of NCP4318 related to switching frequency, load capacitance

and ambient temperature.
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ELECTRICAL CHARACTERISTICS
(Vpp =12V and Ty = -40°C to 125°C unless otherwise specified.)

NCP4318

Symbol Parameter Test Conditions | Min | Typ | Max | Unit |
SUPPLY VOLTAGE AND CURRENT SECTION
VDD-ON Turn-on Threshold Vpp rising with 4.3V /1 ms 4.0 4.3 \%
VDD—OFF Turn-off Threshold VDD < VDD—OFF 3.6 3.8 \%
Vpp_gaTe-oN | SR Gate Enable Threshold Voltage | Vpp > Vpp_GaTE-ON 6.5 71 \%
Vpp-_gaTe-oFF | SR Gate Disable Threshold Voltage | Vpp < Vpp_GATE-OFF 5.0 6.0 \%
(Note 7)
IbD-0P1 Operating Current fsw = 100 kHz, Cgate = 1 nF 8 10 mA
Ibb-0oPo Operating Current fsw = 100 kHz, Cgate = 0 nF 6 mA
IDD—START Start—up Current VDD = VDD—ON -01V 100 MA
Ibb_-green | Operating Current in Green Mode Vpp = 12V (no Vpq,2 switching) uA
GREENT1 enable at T; = 25°C 100 210
Excluding ALFP and ALGP
NSS—SKIP Number of Vp4/> Alternative Vp12 falling lower than Vry_on & Vpy2 rising 255 Cycle
Switching for Soft Start Skipping higher than V1_HgH & No GATE output at
fsw = 200 kHz, Cgate = 0 nF
DRAIN VOLTAGE SENSING SECTION
Vosi Comparator Input Offset Voltage -1 0 1 mV
(Note 7)
IprRAIN-LKG | Drain Pin Leakage Current Vp1/2 =200V 1 uA
VTH-ON Turn-on Threshold (Note 7) RoreseT = 0 Q (includes comparator input -100 mV
offset voltage)
toFF_MIN Minimum Off-time From Vp1/2 higher than Vty_pgH ns
in ALS 450 800 1150
in AHD, AHJ 750 1150 1550
in ALC, ALK, ALL, BLC, ALFP, ALGP 1400 2000 2800
toN-DLY Turn-on Propagation Delay Turn-on comparator delay From 30 80 ns
Vp1je =-0.2t0 Vgare =1V, when DLY_EN =
0
toN-DLY2 Turn-on De-bounce Time When Turn-on comparator delay ns
Additional Turn-on Delay is Enabled | From Vp1/2 = -0.2t0 VgaTe = 1V, when
(Notes 7) DLY_EN=1.
in AHD, AHJ, ALC, ALK, ALL, ALS, BLC, 240
ALFP, ALGP
toFF_DLY Turn-off Propagation Delay Turn-off comparator delay From 30 80 ns
Vp1j2=0.6to VgaTe=5.7V
VTH-oFF-MIN | Minimum Turn-off Threshold Voltage | RoreseT = 0 Q (includes comparator input mV
(Notes 7, 8) offset voltage)
in ALC, ALK, ALL, ALS, BLC -6
in AHD, AHJ, ALFP, ALGP 14
VTH-oFF-sTEP | Step Size of Adaptive Turn-off RoFrFseTr=0Q mV
Threshold Voltage (Note 7, 8) in AHD, AHJ, ALC, BLC, ALL, ALFP, ALGP 4
in ALK, ALS 8
VTH—OFF—MAX Maximum Turn-off Threshold ROFFSET =09, mV
Voltage (Notes 7, 8) in ALC, BLC, ALL 118
in ALK, ALS 242
in AHD, AHJ, ALFP, ALGP 110
V1H-orFr-RrsT | Reset Value of Turn-off Threshold RorrseT =0 Q, mV
Voltage (Note 7) in ALC, BLC, ALL 2
in ALK, ALS 10
in ALFP -6
in AHJ, ALGP -10
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ELECTRICAL CHARACTERISTICS (continued)
(Vpp =12V and T = -40°C to 125°C unless otherwise specified.)

NCP4318

Symbol | Parameter Test Conditions | Min | Typ | Max | Unit |
DRAIN VOLTAGE SENSING SECTION
Konp-vorr | Ratio of Second-step V1H_ofFf to LLD = 0. IfLLD = 1, 2nd step 60 %
VtH-oFF (Note 7) VTH-OFF = VTH-OFF
Konp-Tore | Effective On-time Duration Ratioto | LLD = 0, tyg1(n-1) = 8 us, and Konp_TOFF * 70 %
On-time of Last Switching Cycle for |tygi(n-1) > tmin-ON.
the Second Step VrH_oFr (Note 7) | If Kanp-torr * tva1(n=1) < tmin-on, tva1-70 =
tMIN-ON
VTH-HGH Drain Voltage High Detect Threshold | Vp4/2 rising \%
Voltage (Note 7) in AHD, AHJ, ALC, ALK, ALL, BLC, ALFP, 0.85
ALGP
in ALS 1.5
tgaTE-skip1 | Minimum SR Conduction Time to The duration from turn-on trigger to Vp1,2 ns
Enable SR when DLY_EN =0 (3 rising higher than V14_ngH, when
steps VTH-OFF1 or 2 Decrease when |DLY_EN =0
Gate Skip is Triggered) in AHD, AHJ 350 550
in ALC, ALK, ALL, ALS, BLC, ALFP, ALGP 500 710
tgaTE-skip2 | Minimum SR Conduction Time to The duration from turn-on trigger to Vp1,2 ns
Enable SR when DLY_EN =1 (3 rising higher than V1y_ngH,
steps VTH_OFF1 or 2 Decrease when |when DLY_EN =1
Gate Skip is Triggered) (Note 7) in AHD, AHJ 385
in ALC, ALK, ALL, ALS, BLC, ALFP, ALGP 510
MINIMUM ON-TIME AND MAXIMUM ON-TIME SECTION
KTon1 Adaptive Minimum On Time Ratio DLY_EN=0 & tsrconp(n-1) =8 us %
when DLY_EN =0 tvin-on = KTont * tsrconp(n=1)
in ALFP, ALGP 29 34 39
in ALC, ALK, ALL, ALS, AHD, AHJ, BLC 43 50 57
KTon2 Adaptive Minimum On Time Ratio DLY_EN =1 & tsgrconp(n-1) =8 us %
when DLY_EN =1 tmiN-oN = KTonz * tsrconp(n-1)
in ALFP, ALGP 17
in ALC, ALK, ALL, ALS, AHD, AHJ, BLC 20
tMIN—ON—U1 Upper Limit of Minimum On-time 200 ns < tMIN—ON < tMlN—ON—U1x DLY_EN =0 4 5 6 us
when DLY_EN =0
tMlN—ON—UQ Upper Limit of Minimum On-time 200 ns < tMIN—ON < tMlN—ON—UQ’ DLY_EN =1 2 2.5 3 us
when DLY_EN =1
Kinv1 SR Current Inversion Detection DLY EN=0 = Kron1 %
Window Ratio when DLY_EN =0
Kinve SR Current Inversion Detection DLY_EN =1 = Kton2 %
Window Ratio when DLY_EN =1
NINV-EXT Consecutive Normal Switching Without parasitic Vp1/2 oscillation 16k cycle
Cycles to Exit SR Current Inversion
State DLY_EN = 1 (Note 7)
tsr-max-oN | Maximum SR Turn-on Time (Note 7) | in none 21 30 39 us
in ALC, ALK, ALS, AHD, AHJ, BLC, ALFP, Inf.
ALGP
fMIN Minimum Switching Frequency 1/(tSR-MAX—ON-CH1+ ISR-MAX-ON-CH2) kHz
(Note 7) in none 22
in ALC, ALK, ALL, ALS, AHD, AHJ, BLC, 0
ALFP, ALGP
DEAD TIME REGULATION SECTION
loFFSET Maximum of Adaptive Offset Current |Vpi=Vps=0 uA
which have 31 Steps and 10 A of | i all except ALFP 285 310 335
Resolution (Note 8) in ALEP 0
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ELECTRICAL CHARACTERISTICS (continued)
(Vpp =12V and T = -40°C to 125°C unless otherwise specified.)

NCP4318

Symbol Parameter Test Conditions | Min | Typ | Max | Unit |
DEAD TIME REGULATION SECTION
tpeap-LBaND | Lower Band of Dead Time From Vgarg falling below Vgate-Low ns
Regulation (Notes 7, 8) in ALC, ALK, ALL, ALS, BLC, ALFP, ALGP 20
in AHD, AHJ 170
tpeap-HBAND | Upper Band of Dead Time From VgaTe falling below VgaTe_Low, When tDEAD-LBAND ns
Regulation (Notes 7, 8) LLD =0 +90
NLLD1 First Light Load Detection (LLD1) NVTH-OFF-CNT < "MLLD1 7
Step Number based on V1y_off
Modulator (Note 7)
MNLLD2 Second Light Load Detection (LLD2) | nVTH-OFF_CNT < NLLD2 3
Step Number based on V14_off
Modulator (Note 7)
GREEN MODE SECTION
terN1-eNT | Non-switching Period of SR Gate to | When SRCOND1, 2 are both low for us
Enter Green Mode tgRN1-ENT: GREENT = HIGH.
in ALC, ALK, ALL, ALS, BLC 45 60 75
in AHD, AHJ 25 40 55
tgrN2-eNT | Non-switching Period of SR Gate to | When SRCOND1, 2 are both low for us
Reset VTy_ofFrF and Set DLY_EN teRN2-ENT, generate GREEN2 pulse.
in ALC, ALK, ALL, ALS, BLC, ALFP, ALGP 45 6 7.5
in AHD, AHJ 25 4 5.5
ncsw-ext | Number of Buffer Switching Cycle to | Number of switching with Vp1>V1y_pgH to 4 cycle
Recover Ipp_op When IC Exits from | exit GREEN1.
Green mode. Excluding ALFP and ALGP
PROTECTION SECTION
VSRGINV Threshold Voltage of Current LLD =0 0 mV
Inversion Detection (Note 7) LLD = 1, Virtual V1y_oFF VTH-OFF
tinv Debounce Time of VGATE1/2 >45V & VD1/2 > VSRClNV for iy ns
SR Current Inversion Detection in AHD, AHJ, ALFP, ALGP 170
(Note 7) in ALC, ALK, ALL, BLC 320
in ALS 520
VSp-PRI Drain Threshold Voltage for Primary | Vgate1/2 > 4.5 V with 200 ns delay & Vp1/2 > mV
Shutdown Protection (Note 7) Vsp_pri When DLY_EN = 0.
VGaTE1/2 > 4.5V with 100 ns delay & Vpqo >
Vsp-pri When DLY_EN = 1. 100
in AHD, AHJ 150
in ALC, ALK, BLC, ALFP, ALGPin ALS 200
in ALL 500
Ksp-_pRi Detection Window Time Ratio based |LLD =0, tyg{(n-1) = 8 us, and 65 70 75 %
on tygy (n—1) for the Primary K2ND—TOFF * tvg1 (n-1) > tMIN-ON-
Shutdown Protection (Note 7) If Konp-ToOFF * tvg1(n-1) < tMIN-ON>
tvG1-70 = tMIN-ON.
VABN-VD Drain Threshold Voltage to Trigger Vb1/2 > VaBN-vD & VgaTE1/2 > 4.5 V with \%
Abnormal VD Sensing Protection 100 ns delay within Ksp_pR-
(Note 7) VABN-VD = VTH-HGH
in AHD, AHJ, ALC, ALK, ALL, BLC, ALFP, 0.85
ALGP
in ALS 1.5
ToTP1 Over Temperature Protection Ty>Totp1 & VgaTE=6.7V °C
Reducing Vgare (Note 7) in AHJ, ALC, BLC 105
in AHD, ALK, ALL, ALS, ALFP, ALGP 130
ToTp2 Over Temperature Protection Ty > Totp2 & No gate output °C
Stopping Gate Operation (Note 7) in AHJ, ALC, BLC 140
in AHD, ALK, ALL, ALS, ALFP, ALGP Disable
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ELECTRICAL CHARACTERISTICS (continued)

NCP4318

(Vpp =12V and Ty = -40°C to 125°C unless otherwise specified.)

Symbol Parameter Test Conditions | Min | Typ | Max | Unit |
PROTECTION SECTION
ToTP-RST Reset Level of Over Temperature Ty < Totp_rsT, OTP1 and OTP2 are reset 80 °C
Protection (Note 7)
GATE DRIVER SECTION
Vgate-max | Gate Clamping Voltage (Note 7) 12V <Vpp <33V, Cgate = 4.7 nF at 9 10.5 12 \%
Ty < ToTp1
VgaTe-Max-6v | Gate Clamping Voltage for Adaptive |Vpp =12V, CgaTe = 4.7 nF in ALC, BLC 5.0 6.7 8.2 \%
Gate Voltage Control (Note 7)
tHFS_EN Adaptive Gate Control Enabling The time duration from Vgare1(n-1) rising us
Switching Period (Note 7) edge to VgaTe1(n) rising edge at Ty < ToTpi-
in ALC, ALK, ALL, ALS, BLC, ALFP, ALGP 4 5 6.1
in AHD, AHJ 4
ISOURCE Peak Sourcing Current of Gate 1.5 A
Driver (Note 7)
IsINK Peak Sinking Current of Gate Driver 4.5 A
(Note 7)
Rprv-source | Gate Driver Sourcing Resistance 8 Q
(Note 7)
Rprv-sink | Gate Driver Sinking Resistance 1.5 Q
(Note 7)
tr Rise Time Vpp=12V, CGATE =3.3nF, 50 150 ns
Vegate=1—6VatT;=25°C
tF Fall Time Vpp=12V, CGATE =3.3nF, 30 50 ns
VegatE=6—1VatT;=25°C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
7. Not tested but guaranteed by design
8. In ALFP, GATE signal is always turned off by the VTH-OFF-RST threshold, regardless of dead time. IOFFSET will stay at 0.
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NCP4318

IC OPTIONS
Drain Sensing
Option Pin Frequency DLY_EN VGATE tGATE-LIM Totp1/ ToTP2
NCP4318AHD #4, #6 H-version Variable 1-Level (10V) Disable 130°C / Disable
NCP4318AHJ #4, #6 H-version Variable 1-Level (10 V) Disable 105°C/ 140°C
NCP4318ALC #4, #6 L-version Variable 2-Level (10V,6V) Disable 105°C/ 140°C
NCP4318BLC #3, #6 L-version Variable 2-Level (10V,6V) Disable 105°C / 140°C
NCP4318ALK #4, #6 L-version Variable 1-Level (10 V) Disable 130°C / Disable
NCP4318ALL #4, #6 L-version Variable 1-Level (10 V) Disable 130°C / Disable
NCP4318ALS #4, #6 L-version Always High 1-Level (10V) Disable 130°C / Disable
NCP4318ALFP #4, #6 L-version Variable 1-Level (10 V) Disable 130°C / Disable
NCP4318ALGP #4, #6 L-version Variable 1-Level (10V) Disable 130°C / Disable
ton-pLy2 | Dead-time [tpeap-Leanp | torr-min | tgaTE-skip1 (NS)/ | tgrN1-ENT (1S) / | fHFS-EN
Option tinv (ns) (ns) Regulation (ns) (us) teate-skip2 (NS) | tgrnz-ENnT (08) | (kH2)
NCP4318AHD 170 240 Enable 170 1.15 550/ 385 40/ 4 250
NCP4318AHJ 170 240 Enable 170 1.15 550 /385 40/4 250
NCP4318ALC 320 240 Enable 90 2 710/510 60/6 200
NCP4318BLC 320 240 Enable 90 2 710/510 60/6 200
NCP4318ALK 320 240 Enable 90 2 710/510 60/6 200
NCP4318ALL 320 240 Enable 90 2 710/510 60/6 200
NCP4318ALS 520 240 Enable 90 0.8 710/510 60/6 200
NCP4318ALFP 170 240 Disable 90 2 710/510 na./6 200
NCP4318ALGP 170 240 Enable 90 2 710/510 na./6 200
Vrtu-orr Range | Vrty_orrF-sTEP VTH-OFF-RST Kront (%) /
Option VTH-HGH (V) (mV) (mv) (mV) Vsp-pri (MV) Kronz (%)
NCP4318AHD 0.85 -14 ~ 110 4 -10 100 52 /22
NCP4318AHJ 0.85 -14 ~ 110 4 -10 100 52 /22
NCP4318ALC 0.85 -6 ~118 4 2 150 52 /22
NCP4318BLC 0.85 -6 ~118 4 2 150 52 /22
NCP4318ALK 0.85 -6 ~ 242 8 10 150 52 /22
NCP4318ALL 0.85 -6 ~118 4 2 500 52 /22
NCP4318ALS 15 -6 ~ 242 8 10 200 52 /22
NCP4318ALFP 0.85 -14 ~ 110 4 -6 150 34/17
NCP4318ALGP 0.85 -14 ~ 110 4 -10 150 34/17

9. fHrs-en=1/tHFs-EN-
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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APPLICATIONS INFORMATION

Basic Operation Principle

NCP4318 controls the SR MOSFETs based on the
instantaneous drain—to-source voltage sensed across the
drain and source pins of the MOSFET. Before SR gate
turning on, SR body diode operates as the conventional
diode rectifier. Referring to Figure 46, the conducting body
diode makes the drain—to—source voltage drops below the
turn—on threshold voltage Vry_on and triggers the turn—on
of the SR gate. After the SR gate turning on, the product of
on resistance Rps-ony of the SR MOSFET and the
instantaneous SR current determines the drain—-to—source
voltage.

When the drain—to—source voltage reaches the turn—off
threshold voltage Vrg_orr, as SR MOSFET current
decreases to near zero, NCP4318 turns off the gate. If SR
dead time is larger or smaller than the dead time regulation
target, NCP4318 adaptively changes a virtual turn—off
threshold voltage to regulate the dead time between

IDEAD-I.BAND and pEAD-HBAND, SO t0 maximize system
efficiency.

SR Turn-on Algorithm

When Vy is lower than V_on by body diode conduction
of SR MOSFET, turn—on comparator COM1 toggles high.
If an additional delay flag signal DLY EN is low, VG goes
high with only 30 ns of tpy_pry and GATE sources 1.5 A of
Isourck to turn on the SR MOSFET.

On the other hand, if the DLY EN flag is HIGH due to
current inversion detection SRCINV or green—mode
preparation GREEN2, additional turn—on delay is applied by
an adaptive turn—on delay block. In this case, SR gate is
turned on when the body diode conduction time is confirmed
to be longer than fox_pry2-

SR Turn-off Algorithm

The SR turn-off method determines safe and stable SR
operation. One of the conventional methods turns off the SR
gate based on the instantaneous drain voltage (present
information). This method is widely used and easy to
realize, and it can prevent late turn—off with appropriate
turn—off threshold voltage. However, it frequently shows
premature turn—off due to parasitic stray inductances of PCB
trace and package of the SR MOSFET. On the other hand,
SR gate on—time is predicted by inspecting previous—cycle
drain voltage information. It can prevent the premature
turn—off, providing good performance for the system with
constant operating frequency and SR conduction duration.
However, in case of the frequency changing, the on—time
prediction may lead to late turn—off during frequency
increasing event, leading to negative current flowing in the
secondary side of the LLC converter.

To gain the advantages of both methods, NCP4318 adopts
a mixed type turn—off algorithm, which modulate a virtual
turn—off threshold voltage (VtH-orp) to regulate the
turn—off dead time within a hysteresis band. As shown in

Figure 45, the instantaneous drain voltage Vp is compared
with a virtual Vry-oFr to turn off the SR gate. The virtual
VTH-oFF is adaptively changed to compensate the effect of
stray inductance and regulate a tpgap between
IDEAD-LBAND and IDEAD-HBAND - Therefore, NCP4318 can
show robust operation with very small dead time.

The response time of the Vry-_opF comparator is around
10-20 ns at room temperature, meaning Vyp — Vyg needs
to be higher than Vry_gpp for more than 20 ns to guarantee
turning—off of GATE signal. The total delay time of the
turning—off, forr-pry, includes this response time and
propagation delay of the gate—drive logic/circuit.

DLY_EN RUN

GATE

turn-on
delay

Vron

COM 2
>
Vin-orr
V§| >

Figure 43. VDS-sensing Circuit
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Hysteresis-Band Dead-Time Regulation

The stray inductance of SR MOSFET induces a positive
offset voltage across drain and source when the SR current
decreases. This makes drain-to-source voltage of SR
MOSFET higher than the product of Rpg_on and the
instantaneous SR current, which results in premature SR
turn—off as shown in Figure 46 (a). The induced offset
voltage changes as the output load varying, so, to keep a
fixed SR dead time, the turn—off threshold voltage needs to
be tuned. NCP4318 utilizes the virtual Vry_ofg Which is
comprised of 31 steps of turn—off threshold voltages
Vru-orrm) and 31 steps of offset current lpprserm) as
shown in Figure 46 (b) and Figure 47. The turn-off
condition and the virtual turn—off threshold voltage can be
expressed as:

Vos * lorrser * Rorrser — Vru—orr = 0 (eq. 1)

Virtual Vo _ore = V_orr — Rorrser * lorrser (€q. 2)

where Rorpser is the external drain sensing resistance.

VTtH-oFF modulates between Vrg_orr-min
Vri-orr-vax with a step size of Vyg_orr-step, and
IorrsgT varies between 0 and 310 pA with 10 pA of step
size. IoprsgT means to provide a finer tuning on the virtual
VrtH-0oFF. When the IgppsgT has saturated to maximum or
minimum values, VTy_orr changes to its next step for a
coarse control. So, designing the Rorprsgr resistance as
Vra-orr-step | 310 uA gives a linear virtual Vty-_opr
sweeping range. Typically, 30 Q Roprser is used when
Vr-orF-step is 8 mV, and 15 Q for 4 mV.

Dead time is defined as the duration from VgaTE turning
off to VD exceeding Vry_ggH. VGATE turning off is defined
as the moment that voltage on GATE1/GATE2 pin is
crossing a Vgate-Low threshold by falling. VgaTE-1.0W 1S
3.7V in general, but it is 2.8 V for IC options with 5 V
VgatE or 3-level VGaTE.

In Figure 48 (a), the measured dead time tpgap is larger
than upper band of tpgap_grpanp. To reduce tpgap, the
virtual Vy-orr will increased by one-step decrease of
lorrser within 128 switching cycles. As a result, tpgpap
decreases and becomes much closer to {peap-HBAND, @S
shown in Figure 48 (b).

and

v

" VTH-OFF

| i
Ve, 5
VLS1T ;

Isr1
(a) Premature SR Turn-off by Stray Inductance

"~ VTH-ON

VGATE1

»
»

v

loFrseT
RorrseT VD

(b) Detailed SR Turn-off Circuitry

Figure 46. Virtual V1y_ofr

Similarly, when the dead time is shorter than tpgap7anD,
the virtual Vty_opp will reduce in the following switching
cycle. When the dead time is placed between tpgap—1.BAND
and tpgap-rBAND as in Figure 49, the virtual VT_oFF stays
as—is. Therefore, the dead time is regulated between
IDEAD-LBAND and tppap-pBanDp regardless of parasitic
inductances. This hysteresis—band dead-time control
provides stable operation across load wvariation by
minimizing the variation of the dead time.

The initial and reset condition of the virtual VTy_oFF iS
V1H-0FF = ViH-0FF-rsT and Ioprsgr = 310 HA.
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Light Load Detection (LLD)

When the output load increases, due to larger current
amplitude in the SR current, the dead-time regulation
modulates the Vry—-orr higher. Thus, the Vry_opr indicates
the output load condition.

There are totally 31 steps of Vty_opp noted as
Vra-orF)~VrH-0FF(31)- When the output load increases,
by the dead-time regulation, Vtg_opr tends to increase.
When VTy_opr’s step number n < 5y;p; on channel 1,
NCP4318 detects a light load condition. So, light load
detection flag signal LLD set to ‘1’. When the load keeps
reducing, making n <nyrp>, LLD is set to ‘2°. At heavier
load and n >nrrp;, LLD becomes ‘0°. This LLD signal is
used for SRCINV detection threshold voltage control and
adaptive Vga7g control.

VrH-oFF A n LLD
VTH-OFF-mMAX - -|- - 31
--|-- 30
SF o
Vrh-oFF-sTer_ _ - [0 - g
I I
|- 4
VTH-OFF-RST - -|- - 3
oe—— 1§ |2
VTH-OFF-MIN - -[- - 0

Figure 50. V1y_ofr Steps and the LLD Flag (n 1 p1 = 7,
NLLb2 = 3, MVTH-OFF-RST = 3)
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Advanced Adaptive Minimum Turn-on Time

When SR gate is turning on, there may be severe
oscillation in the drain-to-source voltage of the SR
MOSFET, which may result in several turn—off
mis—triggering as shown in Figure 51. To provide stable SR
gate signal without short pulses, it is desirable to have large
turn—off blanking time (= minimum turn—on time) until the
drain voltage oscillation attenuates. However, too large
blanking time results in an inversion current problem under
light load condition where the SR conduction time may be
shorter than the minimum turn—on time.

To solve this issue, NCP4318 has an adaptive minimum
turn—on time, fn-on, Where the turn—off blanking time
changes in accordance with the SR conduction time
tsgconp (n—-1) measured in previous switching cycle. The
SR conduction time is measured from SR gate rising edge to
the drain sensing voltage Vp being higher than Vzy_gch-
fyiN-on in the n—th switching cycle is defined as 50% of
tsrconp (n—1) as shown in Figure 52. During #v-on, SR
gate won’t be turned off by the virtual Vty_opr The
minimum and maximum values of #y_on are defined as
200 ns and fnv-on-U1 respectively. When the additional
turn-on delay flag DLY EN is high in the light load
condition, fyv-on becomes 20% of tsgconp (n—1) as shown
in Figure 53.

A
Vp1 -V '
or oSt , Turn-off mis-trigger is prohibited

"
K
\ during tmin_on ' j

VrH-HeH -

VTH-oFF -

VrH-oN -
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& >
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Figure 51. Minimum Turn-on time and Turn-off
Mis-triggering
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Figure 53. Minimum Turn-on Time tyy_ony When
DLY _EN=1

Multi-step VTH_oFF

In heavy-load conditions, Vtg_opF tends to be high.
When the switching frequency on the primary side suddenly
increases from the heavy-load condition, the SR current
conduction duration reduces accordingly. To make the SR
controller timely reacts to this transition, we implements a
multi-step Vrg-orr function to reduce the effective
VrtH-oFp turning off the SR gate earlier, during this
transition. Referring to the SR gate on—time of previous
switching cycle, before the SR gate on—time reaches 70%
(Konp-1orF) of the previous—cycle on—-time, the effective
VTH-OFF is temporarily reduces to 60% (KZND—VOFF) of its
real value. Thus, the SR gate can be turned off with a lower
Vrt-orr during the frequency—increasing transition,
providing a safer operation. The multi-step VTH-oFF
function is active when LLD = 0.

VpsA

' Muitistep

: Vri-ogr_ _ _, | _ Virtual

' r-d r _ VTH-OFF
vieon]- Y oooa 0 U

| Vgarte (n)

i70% * Vaate(n-1)

Figure 54. tpeap € [tpEAD-LBAND; tDEAD-HBAND]

Current Inversion Detection

During SR operation, two types of inversion current may
occur. First, in light load condition, capacitive current spike
causes leading edge inversion current. In heavy load
condition, the body diode of SR MOSFET starts conducting
right after the primary side switching transition taking place.
However, when the resonance—capacitor voltage amplitude
is not large enough in light load condition, the voltage across
the magnetizing inductance of the transformer is smaller
than the reflected output voltage. Thus, the secondary side
SR body diode conduction is delayed until the magnetizing
inductor voltage builds up to the reflected output voltage.
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However, the primary side switching transition can cause
capacitive current spike and turn on the body diode of SR
MOSFET for a short time as shown in Figure 55, which
induces SR turn—on mis—trigger. As a result, the turn-on
mis—trigger makes leading edge inversion current in the
secondary side.

The second inversion current is trailing edge inversion
current caused by excessive SR gate on-time, which is
generally due to the minimum on-time #yv-on- If fiv-on
is longer than current transferring duration, trailing edge
inversion current can happen as shown in Figure 56. If there
is no proper algorithm to prevent this inversion current,
severe drain voltage spike can happen due to SR MOSFET
hard switching.

- * SR turn-on mis-trigger By capacitive current spike
AT greveTsTy poTE———

v |
Leading edge inversion current

v
Capacitive
current spike

Figure 55. Leading Edge Inversion Current

S e -
> € ~tuinon

R e e B R SR
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{0 | ‘ Fif
| RS
N
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Figure 56. Trailing Edge Inversion Current

To prevent both leading edge and trailing edge inversion
currents, NCP4318 has a current inversion detection
function SRCINV. This function is effective during fv-onN-
When the SR gate is turned on and the inversion current
occurs, the drain sensing voltage of SR MOSFET becomes
a positive value. In this condition, if Vpg is higher than 0 mV
for #yy of the detection confirmation time, SRCINV will be
triggered and turn off the SR gate immediately. Then, the
DLY EN flag goes high and the turn—on delay is increased
to ton-pry2 for the following switching cycles.

When the LLD flag is high, VT_oFF tends to be low, and
the Vty-orr replaces the 0-mV threshold voltage for
SRCINV. If the gate on—time is longer than f;v_on, the
virtual VTy_oFf turn—off mechanism will turn off the gate

properly.

ISRT
/_\ §—h =\ >

A
Vs
omv
t/N\/
V GaTE | | e D >

Figure 57. Triggering SRCINV by Leading-edge
Inversion Current

Green Mode

In NCP4318, there are two stages to trigger GREEN
function. GREENI is for low power consumption in light
load condition, and GREEN?Z is for preparing a GREEN1
triggering.
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When the LLC controller in the primary side operates in
skip mode under light load conditions, making Vp; shows
no switching waveform for longer than fGrn7_gNT, the
GREEN1 mode will be activated as shown in Figure 58.
Once NCP4318 is in the GREENI mode, all the major
functions are disabled to reduce the operating current down
to 100 puA of Ipp-green- NCP4318 exits from GREEN]
when four switching cycles are observed from Vp as shown
in Figure 59.

Before GREENI being triggered, if the duration of no
switching operation is longer than fGgry2-gnT, @ short
GREEN? pulse is generated to reset the virtual Vry_orF and
assert DLY EN. LLD may also be asserted when VTy_opF
resets to a level lower than #;;p;. Doing so, GREEN2
prepares new SR operation starting condition and allows
soft increment of SR gate pulses for the next switching
bundle.

, toRnt-ENT

il Mok

GREEN1 exit__

44 Vbs1

______________________________ Bt bkt EMMM“‘WM M‘hﬁﬂ

”,”!uU‘uuuuuguhLAAQA

Figure 59. Exit from GREEN1

Limitation on SR Gate On-time Increasing Rate

To better cope with transitions of operating frequency,
NCP4318 has an optional SR gate on—time increasing—rate
limitation function. When this function is enable, the
on-time of consecutive SR—-gate pulses won’t increase too
much from their precedent pulse. The increase rate is limited
as 550 ns of 1gATE-11M between two consecutive pulses. In
other words, when the on-time should change from a
smaller value to a larger value, the SR gate takes a few
switching cycle to increase its pulse width gradually.

More, when this function is enabled, the maximum pulse
width of the SR gate start from 1.2 us after a GREEN2 or
SRCINV event. The maximum pulse width increases up to

ISR-MAX-ON-

Adaptive Vgate Control

Lowering the gate clamping voltage Vga7g reduces gate
drive power consumption. Adaptive Vgarr control reduces
Vgare level when it is a better choice of operation. In
NCP4318, there are three condition to trigger the adaptive
Veate- First is the output load condition. In light load
condition, to save the SR gate driving current and maximize
efficiency, NCP4318 adaptively changes Vgarg. As shown
in Figure 60, when LLD goes from ‘0’ to ‘1°, the gate clamp
voltage reduces from 10 V to 6 V. It could save 40% of gate
driving power consumption. In heavy load condition, Vga7g
resumes to 10 V for lower turn—on resistance Rps_on of the
SR MOSFET, as depicted in Figure 61. There is also a
3-level-VgaTe option which set Vgare = 5 V when
LLD =2.

The second condition is the operating frequency. If the
LLC operating frequency is higher than 200 kHz of
fars-en = Utgrps—gy in L-version and 250 kHz in
H-version, NCP4318 reduces Vgarg for lowering SR gate
driving current.

The last condition is junction temperature Ty of the IC.
When Ty is higher than 105°C of Torp;, VGatE reduces to
6 V to reduce heat dissipation of the IC. Vg47E resumes to
10 V when T7 is lower than 80°C of Torp_grsT.
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Figure 60. Vgate Reduces when LLD is High

LLD |

VGATE Varez
Adaptive Vesre control exit @ LLD1=0- > ||| ]

ﬂ,,,_rm,_,r_;__‘ ‘ {J‘ ..... o i

| |

|| |

4 S
f

Vbs1

b *—*‘“}—'* H’~H“F-T“4—+WH“~

Figure 61. Vgare Resumes When LLD is Low

Soft Start

At the beginning of LLC startup, the operating frequency
is severely changed, and the symmetrical duty cycles
between the high—side and low-side power switches on the
primary side sometimes cannot be guaranteed. To avoid SR
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operation during the startup transition, NCP4318
implements a soft—start function. After Vpp exceeds
Vbp-GATE-ON» the SR gate skips the initial 256 consecutive
Vp1 and Vp, switching cycles to check whether LLC
system is stable or not. After the first 256 cycles, NCP4318
starts generating SR gate pulses with Vga7g = 6 V and
Vra-orF = Vra-orr-rst- If LLD-based adaptive Vga7g 1S
enabled, Vgarg stays 6 V until LLD signal goes to zero.
Otherwise, Vgarr stays 6 V for another 256 cycles. This
allows soft-increment of SR gate pulses and gradual
reduction of the SR dead time at startup.

Protections

For higher system reliability, two protections are
implemented in NCP4318. First one is the primary
shutdown protection. In SR controller point of view,
NCP4318 cannot know directly the primary side abnormal
gate off, such as by a certain LLC protection or power—off.
In that condition, SR gate should be turned off as soon as
possible even in minimum on-time. Though SRCINV
function can turn—off SR gate at that moment, it has a certain
delay time #yy for the confirmation. For a faster turning off,
a primary shutdown protection is implemented.

When the LLC gate signal in the primary side suddenly
cuts down, SR current shows a downward transition, which
induces a high dV/dt on the drain sensing voltage. If the
dV/dt is higher than Vsp_pgi/tiny, the primary shutdown
protection is triggered and the SR gate turns off
immediately. In addition, it asserts GREEN1, which makes
4 cycles of SR gate skipping to ignore turn—on mis—trigger
caused by energy bouncing in the secondary side. The
primary shutdown protection is effective in the leading edge
of the SR gate for 70% of its previous—cycle SR gate
on-time.

The other protection is the abnormal drain sensing
protection. In normal condition, when the SR gate is turn on
and higher than 4.5 V, the drain sensing voltage Vp is
expected low, which in any case should not exceed
Vrg-acu. However, in abnormal condition, due to Vp
fluctuation, Vp can be higher than Vry_ggr even when

Veate > 4.5 V. In that condition, NCP4318 triggers the
abnormal drain sensing protection, turns off the SR gate and
makes GREENI high.

To protect NCP4318 from overheating, NCP4318 stops
operation when its junction temperature exceeds Tprp;.
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Figure 62. Triggering Primary Shutdown Protection

Recover From lon_pLy2

When the DLY EN flag has been asserted, SR gate turns
on after the body diode of the SR MOSFET conducts for
ton-pLY2- NCP4318 clears the DLY _EN flag by observing
the Vp < Vrg_on event. Before the SR gate turning on, if Vp
crosses below Vg _on for only one time, a 7yy-_gxT counter
adds by one. This counter resets when the Vp < Vyg_on
event happens more than one time in one switching cycle.
When the nyyy_gxr counter has elapsed, the DLY EN flag
is cleared.

One time

VTH
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Figure 63. Criterion of Clearing the DLY_EN Flag
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